Natural selection tends to favour optimal phenotypes either through directional or stabilizing selection; however, phenotypic variation in natural populations is common and arises from a combination of biotic and abiotic interactions. In these instances, rare phenotypes may possess a fitness advantage over the more common phenotypes in particular environments, which can lead to adaptation and ecological speciation. A recently radiated clade of dwarf chameleons (Bradypodion) restricted to southern KwaZulu-Natal Province, South Africa, is currently comprised of two species (Bradypodion melanocephalum and Bradypodion thamnobates), yet three other phenotypic forms exist, possibly indicating the clade is far more speciose. Very little genetic differentiation exists between these five phenotypic forms; however, all are allopatric in distribution, occupy different habitats and vary in overall size and coloration, which may indicate that these forms are adapting to their local environments and possibly undergoing ecological speciation. To test this, we collected morphometric and habitat data from each form and examined whether ecological relevant morphological differences exist between them that reflect their differential habitat use. Sexual dimorphism was detected in four of the five forms. Yet, the degree and number of dimorphic characters was different between them, with size-adjusted male-biased dimorphism being much more pronounced in B. thamnobates. Habitat differences also existed between sexes, with males occupying higher perches in more closed canopy (forested) habitats than females. Clear morphological distinctions were detected between four of the five forms, with the head explaining the vast majority of the variation. Chameleons occupying forested habitats tended to possess proportionally larger heads and feet but shorter limbs than those in open canopy habitats (i.e. grassland). These results show that this species complex of Bradypodion is morphologically variable for traits that are ecologically relevant for chameleons, and that the variation among the five phenotypic forms is associated with habitat type, suggesting that this species complex is in the early stages of ecological speciation.
INTRODUCTION
Phenotypic variation in natural populations is intriguing from an evolutionary perspective because natural selection is assumed to favour one optimal phenotype either through directional or stabilizing selection. Consequently, a major goal of evolutionary biology is to identify processes that create and maintain phenotypic variation in natural populations. One possibility is that diversity is maintained by disruptive selection, which is driven by negative frequencydependent selection (Mather, 1955; Rueffler et al., 2006) arising from biotic (e.g. competition for resources : Benkman, 1996; Swanson et al., 2003) and/or abiotic interactions (e.g. temperature and climate: Davis & Shaw, 2001; Norberg et al., 2001 ). In such instances, rare phenotypes possess a fitness advantage over the more common phenotypes in particular environments, which can lead to local adaptations, sometimes followed by ecological speciation. The most common outcome of such diversification is interspecific character displacement, in which coexisting populations diverge in resource use to mitigate the effects of competition (Grant, 1972) .
Caribbean Anolis lizards provide one of the best examples of the rapid evolution of character displacement, where populations of Anolis lizards have diverged to occupy different ecological niches (e.g. crown of trees, trunk, twigs) that differ in microhabitat structure (e.g. perch diameter and height, light intensity), leading to morphological adaptations that enable them to better utilize their habitat (Losos & Sinervo, 1989; Losos, 1990; Losos & Irschick, 1996; Losos et al., 1998; Leal & Fleishman, 2002; Elstrott & Irschick, 2004) . For example, shorter-limbed anoles that perch high in the canopy on thin substrates have slower running speeds than longer-limbed anoles that utilize broader perches closer to the ground (Losos & Irschick, 1996) . This has been attributed to a trade-off between stability and speed, with the shorter-limbed lizards, which rarely run, requiring greater stability in their more elevated habitats (Losos, 2001) . Similarly, Anolis species perching high in the canopy also possess proportionally larger toe pads that confer greater clinging ability compared to species lower in the canopy (Elstrott & Irschick, 2004) .
Because chameleons are highly dependent on vegetation to provide camouflage, avoid predators, and obtain food (Tolley et al., 2006; Stuart-Fox & Moussalli, 2007) , changes to the structure of the vegetation in which they conceal themselves likely have direct consequences for their survival and, ultimately, their evolution (Purvis, Jones & Mace, 2000) . Chameleons therefore represent ideal candidates for examining causal relationships between habitat and morphology (Losos, Walton & Bennett, 1993; Bickel & Losos, 2002; Hopkins & Tolley, 2011) . Recent studies on the Cape Dwarf Chameleon (Bradypodion pumilum) show that chameleons from different habitats [open canopy (e.g. fynbos) versus closed canopy (e.g. fragments of forest, riverine thicket, and bushy, exotic vegetation in urban settings)] exhibit different body shapes (Hopkins & Tolley, 2011) , enabling them to better utilize their environments (Measey, Hopkins & Tolley, 2009; Herrel et al., 2011; Measey et al., 2011) . Similar associations are assumed to exist in other Bradypodion species, particularly within a recent radiation from KwaZulu-Natal (KZN) Province, South Africa (Tolley et al., 2004) .
The KZN region has the highest alpha diversity of chameleons in southern Africa (Tolley, Chase & Forest, 2008; Tilbury & Tolley, 2009) , with seven of the 17 described Bradypodion species (Tilbury, 2010; Uetz, 2012) ; all situated within the MaputalandPondoland-Albany biodiversity hotspot (Mittermeier et al., 2004) . The majority of these species are found in Afromontane forest, and are separated by deep divergences dating back to the Late Miocene. However, one species complex, comprised of two described species (Bradypodion melanocephalum and Bradypodion thamnobates) and three additional phenotypic forms (herein referred to as Types A, B and C), appears to have recently radiated (Raw, 1995; Raw, 2001; Tolley & Burger, 2007; Tolley et al., 2008; Tilbury, 2010) . This radiation may be so recent that it lacks the genetic divergence in mitochondrial markers expected at the species level (Tolley et al., 2004 (Tolley et al., , 2008 , which is an outcome increasingly observed in species complexes as a result of insufficient time having passed for phenotypic differences to be detected in the genic regions routinely used in molecular phylogenetics (e.g. birds: Petren et al., 2005; Grant & Grant, 2008; Wolf et al., 2010; Rheindt et al., 2011; mammals: Tishkoff et al., 2009; Vonholdt et al., 2010; plants: Bateman, James & Rudall, 2012) . Under some species concepts, this lack of (or limited) genetic differentiation would call into question the validity of the two described chameleon species (de Queiroz, 2007) , leading some to deduce that the complex is simply comprised of phenotypically plastic forms of a single species. This hypothesis was recently disproven using a common garden experiment, where juveniles from both described species were raised under identical conditions and developed phenotypes similar to their original populations (Miller & Alexander, 2009) .
The extent of phenotypic divergence within the B. melanocephalum-B. thamnobates species complex is striking (Fig. 1) . Bradypodion melanocephalum (Gray, 1865) is small-bodied with a subtle casque, minute gular lobes, homogeneous scales with a few small scattered tubercles on the flanks, and is a dull brown colour. By contrast, B. thamnobates (Raw, 1976) has a large heavy body with conspicuous tuberculated scales, a prominent casque, large gular lobes, a bright white gular region, and a rich green colour often with reddish or orange flanks. The other three phenotypic forms have not been confidently assigned to either of these species because of ill-defined genetic and phenotypic boundaries (Tolley & Burger, 2007) . Type A appears most similar to B. melanocephalum in size and colour, leading many to classify it as another population of the species (Tolley et al., 2004; Tilbury, 2010) ; however, it can be distinguished from B. melanocephalum by faint green markings along its flanks and orange along its tail and dorsal crest. Genetically, it has been found to be most similar to B. thamnobates (Tolley et al., 2004: fig. 2, samples CT16 & CT17) . Type B is large in size with a prominent casque, is bright green in colour with a yellow gular region, and also groups with B. thamnobates genetically (Tolley et al., 2004) . Type C has morphological features outwardly similar to B. thamnobates (e.g. prominent casque and large gular lobes), although it lacks the striking coloration and heavy, tuberculated body of that species.
The phenotypic diversity within this complex is likely to have arisen from the numerous drastic climatic changes during the Pleistocene, especially during the Last Glacial Maxima , which brought upon significant changes in vegetation (Scott, 1993; Eeley, Lawes & Piper, 1999; Tyson, 1999; Bond, Midgley & Woodward, 2003; , especially within the forest and grassland biomes (Lawes, 1990; Eeley et al., 1999; Mucina & Geldenhuys, 2006; Rebelo et al., 2006; Lawes et al., 2007) . These changes likely created distinct microhabitats (e.g. plant structure, perch size, canopy cover) within which each form had to adapt. Indeed, all five phenotypic forms are allopatric in distribution ( Fig. 2) and occupy different habitat types (Tolley & Burger, 2007; Tilbury, 2010) . Bradypodion melanocephalum is found along the coast of southern KZN (0-150 m a.s.l.) in grasses and lowland coastal vegetation, whereas B. thamnobates is found inland in the KZN Midlands (850-1600 m a.s.l.), most often in transformed landscapes (exotic trees, bushy shrubs and urban gardens), although their primary habitat is indigenous forest. Types A and C are also localized to the KZN Midlands; however, they are peripatric to B. thamnobates and each other. They also occupy different habitat types. Type A is often found in grasslands and around transformed vegetation (including plantations), whereas Type C is restricted to the Karkloof forest. Lastly, Type B can be found along the southern Drakensberg mountain range up to 2000 m a.s.l. in both indigenous forest and grasslands.
To test whether habitat structure is a likely driving force of morphological variation in the B. melanocephalum-B. thamnobates species complex, we investigated whether tangible morphological differences exist between the five phenotypic forms (apart from overall colour and size) by comparing ecologically relevant morphological traits (i.e. limb and tail length, foot size, head shape). We also aimed to quantify and compare the microhabitat structure of of each form and investigate whether the structure of vegetation reflects differences in their morphology. We hypothesize that any of the forms occupying significantly different microhabitats (i.e. perch dimensions) will show corresponding differences for traits that are ecologically relevant for chameleons (Herrel et al., 2011; Herrel et al., 2012) .
MATERIAL AND METHODS

STUDY SITES AND SAMPLING PROCEDURES
A total of 351 dwarf chameleons within the B. melanocephalum-B. thamnobates complex were sampled from 20 sites throughout southern KZN (Fig. 2 ) in 2009 and 2010. Tail clips were collected as DNA samples for a separate study and served as batch marks to ensure that no individual would be sampled twice. Males were identified by the presence of hemipenal bulges or by the eversion of hemipenes. The snout-vent length (SVL) for each was recorded and the smallest SVL was noted for each phenotypic form (Table 1) . Chameleons were identified as female if they were larger than the smallest male for that form and showed no sign of hemipenes. Individuals smaller than this with no sign of hemipenes were classified as juveniles and therefore left out of the study. Once all morphometric measurements were taken, chameleons were released at the exact point of capture.
MORPHOMETRIC ANALYSIS
All chameleons were measured to the nearest 0.01 mm using digital callipers for 11 body and nine head measurements (Fig. 3) : Body -SVL, interlimb length (ILL), tail length (TL), femur length, tibia length (TB), humerus length, radius length (RD), medial forefoot pad length (MF), lateral forefoot pad length (LF), medial hindfoot pad length (MH), and lateral hindfoot pad length (LH); Head -lower jaw length (LJL), head length (HL), casque head length (CHL), head width (HW), head height (HH), casque head height, casque height, coronoid process of mandible to snout tip (CT), and posterior surface of quadrate to snout tip (QT). Measurements were taken on the right side of the head and body for consistency. If this was not possible because of injury or disfigurement, the left side was used and noted. The mass of each chameleon was also measured using a Pesola micro-line spring scale (model 93010).
All analyses were carried out using SPSS, version 9.0 (SPSS Inc.). All data were log 10 transformed prior to analysis to fulfill assumptions of normality and homoscedascity. To separate differences in shape from differences in body size, all data were size-corrected against log10SVL and the unstandardized residuals were saved for use in subsequent analyses. The appropriateness of SVL as a common estimate of overall body size was tested using a principal component analysis (PCA) on all log10 transformed data and a linear regression comparing the ratio of logILL and logLJL (both components of SVL) against logSVL. The PCA was used to examine whether variables could be accurately described using a single common measure of size (Kratochvíl et al., 2003; McCoy et al., 2006) and the regression was used to test whether the head and body experienced different growth trajectories between sexes (Braña, 1996) . All variables fell within one principal component (PC), and the linear regression showed that head and body measurements followed similar trajectories, thereby validating the use of log 10SVL as a suitable covariate for all measurements.
Sexual dimorphism
A multivariate analysis of covariance (MANCOVA) using a custom general linear mode was carried out to test the equality of slopes between sexes and forms. The full model specified Sex and Form as fixed factors, Sex ¥ Form as the interaction, log 10SVL as the covariate, and all other log10-tranformed variables as the dependent variables (excluding LJL and ILL since they are components of SVL). A significant interaction between Sex and Form implies that slopes are intersecting (unequal) and the effect of size is sexdependent across phenotypic forms; therefore, no further analyses could be conducted to test the hypotheses as the results would not be comparable. A significant Sex effect suggests that sexes are different and should be analyzed separately. For variables detected as being sexually dimorphic (see Results), a second MANCOVA based on a full factorial model was run separately by form to examine the sexually dimorphic differences between them. All P-values were subjected to Holm's sequential Bonferroni (Holm, 1979) correction to minimize the possibility of Type I errors (Rice, 1989) .
Differences between and within phenotypic forms
To examine differences between the five phenotypic forms within the B. melanocephalum-B. thamnobates complex, a PCA on the unstandardized residuals for each variable was conducted. This was conducted on group linear combinations (correlated sets) of the original variables for ease of use in the subsequent analysis. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Barlett's test of sphericity were run to determine the appropriateness of the PCA. The strength of the relationships detected in the PCA are considered strong when the KMO score is greater than 0.6 and Bartlett's test is significant, rejecting the hypothesis of an identity matrix. PC scores were saved so that the magnitude and direction of the eigenvector describing the differences between forms could be illustrated. Only PCs with eigenvalues larger than one were extracted, and the varimax rotation was used to minimize the number of variables with high loadings on each factor. Variables with communality values less than 0.5 where ignored from the analysis because low values indicate those variables are uninformative (Tabachnick & Fidell, 2007) . The saved PC scores were then entered as the dependent variables in a MANOVA, with Form as the fixed factor. Bonferroni post-hoc tests were run to determine which forms differed for each PC. To ensure differences (or the lack thereof) between forms were genuine and not influenced by populationlevel differences within them, data were split by Sex and Form and then a MANOVA, with Site (i.e. individual field sites) as the fixed factor and all sizecorrected variables as the dependant variables, was carried out. For significant Site effects, a sequential Bonferroni correction was applied to all variables.
HABITAT ANALYSIS
Because the vegetation varied considerably throughout the study area, an examination of the micro-and macrohabitat structure available to chameleons was carried out. Although all chameleon sampling was conducted at night as a result of an ease of locating them, it was assumed that night-time perches reflect day-time habitat use because this has been found in preliminary radio-tracking data on B. pumilum (K. Tolley & E. Katz, unpub. data) . Therefore, the habitat at each sampling site was surveyed the subsequent day. Macrohabitat type and percent canopy cover were measured within a 2-m diameter circle around where each chameleon was found. Percentage canopy cover was measured at ground level using a spherical densiometer, and arranged into one of five categories: (1) 0-10%, (2) 11-25%, (3) 26-50%, (4) 51-75%, and (5) 76-100%. Category 1 is representative of grassland habitats with a very open or no canopy; whereas category 5 would be considered dense forest. From the plant on which each chameleon was found, plant type, perch height, and perch diameter were recorded in order to quantify microhabitat. Once the mean perch heights were determined for each form, field sites were re-visited to assess the density of available perches in each habitat and whether actual microhabitat use differed from microhabitat that is randomly available to the chameleons. Two 99-m transects were laid out, each made up of ten 1-m long segments separated at 10-m intervals, and the numbers and diameters of all perches that touched a 1-m long stick at the determined mean height were recorded (Herrel et al., 2011) . Although the two transects per sample site do not cover the entire distributional range of a given form, they are representative of the areas from which the chameleons were sampled.
Differences between forms in the categorical variables (i.e. habitat type, percent canopy cover and plant type) were explored using barplots. Data for perch height and diameter were log 10 transformed to fulfill assumptions of normality and homoscedascity. Data were then compared using two-sampled Kolmogorov-Smirnov nonparametric tests or analyses of variance (ANOVA). In the ANOVAs, Bonferroni post-hoc tests were run concurrently to highlight any pairwise differences.
RESULTS
The initial MANCOVA showed significant morphological differences between sexes (Wilks' l = 0.585, F18,72 = 12.725, P < 0.0001) and forms (Wilks' l = 0.731, F18,72 = 1.464, P < 0.0001). Although the interaction effect was found to be significant (Wilks' l = 0.737, F18,72 = 1.386, P = 0.008), an examination of the between-subjects effects, after sequential Bonferroni correction, revealed no significant differences for any variables within the interaction. Accordingly, the assumption of equal slopes was not violated and any differences between sexes and forms could be compared in subsequent analyses.
SEXUAL DIMORPHISM
Overall, females exceeded males in mass and SVL (Table 2) ; however, when all variables were corrected for size, sexual dimorphism was detected in ten variables (Body: TL, MF, LF, MH, LH; Head: CHL, HL, HH, QT, CT) with males relatively larger than females. The degree of dimorphism differed between the five forms, with B. thamnobates being dimorphic for all ten variables and Type B exhibiting no detectable dimorphism (Table 3 ). All four dimorphic forms showed dimorphism for TL, with HH and MH also exhibiting dimorphism for B. melanocephalum and Type A, respectively. Because sexual dimorphism was detected within the B. melanocephalum-B. thamnobates complex, all subsequent analyses were conducted separately by sex.
MULTIVARIATE ANALYSIS OF FORMS
Differences between phenotypic forms
The PCA was found to be appropriate for both sexes (KMO > 0.85; Bartlett's test: P < 0.0001), with four PCs extracted for each sex (Table 4) . These PCs accounted for 68% and 64% of the total variance between forms for females and males, respectively, of which the head (including casque) made up the majority (females: 41.02%; males: 51.37%).
For females, PC1 correlated highly with head dimensions, PC2 feet and tail, PC3 limbs, and PC4 with head length (Fig. 4, left) . MANOVA revealed PCs 1-3 to be significantly different between forms (F = 10.032-17.123, P < 0.0001). Bradypodion melanocephalum was typically found to have the smallest features for all PCs, whereas B. thamnobates possessed a relatively larger head (including casque) and Type B, proportionally, the longest limbs and tail, as well as the largest feet. Types A and B showed similarities in head and limb shape. The three Midlands forms (B. thamnobates, Types A and C) were very similar in morphology. Indeed, no differences were observed between the females of B. thamnobates and Type C for all PCs. However, some morphological distinctions were found with respect to Type A and the other Midlands forms, with Type A having a smaller head and longer limbs.
For males, TB and RD were excluded because they were uninformative as indicated by their communality values. PC1 possessed positive loadings for casque measurements, PC2 for the remaining head measurements, PC3 for feet, and PC4 for the remaining limb measurements and tail length (Fig. 4, right) . All four MORPHOLOGICAL VARIATION IN DWARF CHAMELEONS 119 Table 2 . Mean morphological and habitat data for male and female dwarf chameleons used in the present study, grouped by phenotypic form SVL, snout-vent length; TL, tail length; ILL, interlimb length; HM, humerus length; RD, radius length; MF, medial forefoot pad length; LF, lateral forefoot pad length; FM, femur length; TB, tibia length; MH, medial hindfoot pad length; LH, lateral hindfoot pad length; LJL, lower jaw length; CHL, casque head length; HL, head length; CHH, casque head height; HH, head height; HW, head width; CH, casque height; CT, coronoid process of mandible to snout tip; QT, posterior surface of quadrate to snout tip.
PCs showed significant differences between forms (F = 7.358-11.941, P < 0.0001). Males displayed a similar pattern to the females, with B. melanocephalum turning out to have the smallest features for all but one PC (PC4), B. thamnobates having the largest casque and head, and Type B having the largest body (feet, limbs and tail). Bradypodion melanocephalum and Types A and B were found to possess similarly small casques, yet large limbs and tails. Type C proved to be fairly intermediate in head and casque shape, showing no significant differences between it and the other forms, although it did possess significantly larger feet than B. melanocephalum and had the shortest limbs and tail overall.
Site differences within forms
Type C comprised individuals from a single site; therefore, it was not included in this analysis. Of the four remaining forms, only B. thamnobates was found to have site-specific differences for both sexes (females: Wilks' l = 0.116, F 5,85 = 2.104, P < 0.0001; males: Wilks' l = 0.037, F5,85 = 1.946, P < 0.0001), all involving head shape. Females were found to differ in HW and HH, and males in HL and HH. For both sexes, differences in HH involved two sites [Boston (site 14: Fig. 2 ) and Bulwer (site 15: Fig. 2 )], with individuals from these localities typically having shorter heads than the other B. thamnobates sites. Female dwarf chameleons from Boston were also found to have narrower heads, whereas Boston males possessed longer head lengths compared to the other sites.
HABITAT ASSOCIATIONS
Differences between sexes and forms were observed in a variety of habitat variables. In the categorical variables percent canopy cover, plant type, and habitat type (Fig. 5) , females tended to occupy more open canopy habitats compared to males for all five forms, often perching on grass and herbaceous plants. Between forms, B. melanocephalum and Type A were more readily found in open canopy habitats compared to the others. Bradypodion melanocephalum was typically found in degraded grasslands; however, some individuals were located in and around coastal forests. Type A was typically found along the edges of exotic plantations (primarily Eucalyptus spp.) on both trees and grasses and in degraded grasslands. Types B and C tended to occupy denser canopied habitats, often found in trees or shrubs within forests and gardens for Type B or along road verges for Type C. The presence of Type C only along road verges is likely the result of sampling bias because of difficulty accessing the forest. Bradypodion thamnobates was more variable in its cover and plant choice, likely as a result of the majority of individuals sampled being found in trees and shrubs in urban or semi-urban settings. Significance levels after sequential Bonferroni correction: ***P < 0.0001, **P < 0.01, *P < 0.05. TL, tail length; MH, medial hindfoot pad length; LH, lateral hindfoot pad length; MF, medial forefoot pad length; LF, lateral forefoot pad length; CHL, casque head length; HL, head length; HH, head height; CT, coronoid process of mandible to snout tip; QT, posterior surface of quadrate to snout tip. The number of random perches was found to differ between macrohabitats (F = 16.097, P < 0.0001), with the habitats of B. melanocephalum and Type A being far denser than the other three forms (Table 5) . When examining microhabitat, the associated perch diameters from each habitat also differed (F = 61.501, P < 0.0001), with the perches in the B. melanocephalum habitat being much narrower (1.77 ± 1.96 mm) and those in the habitat of Type B being notably wider (4.04 ± 1.53 mm) than the other habitats. Within a habitat, the random perch diameters from the two transects differed only for the habitat of Type B (Transect 1: 3.57 ± 1.47 mm; Transect 2: 4.48 ± 1.47 mm; Z = 2.149, P < 0.0001). When comparing the random versus the actual perches used by each phenotypic form, B. thamnobates and Type C were found to use their microhabitats in a random fashion (B. thamnobates: F = 0.000, P = 0.986; Type C: F = 3.257, P = 0.072), whereas B. melanocephalum chose wider perches than randomly available (F = 9.055, P = 0.003) and Types A and B narrower perches on average (Type A: F = 6.199, P = 0.014; Type B: F = 3.261, P < 0.0001). When comparing the actual perch diameters used by each form, no sex-specific differences were found (F = 0.378, P = 0.536); however, significant differences between forms were discovered (F = 4.868, P = 0.001), which were attributed to Type A using narrower perches than B. thamnobates and Type B. Differences in perch height were detected between forms (F = 16.126, P < 0.0001) and sexes (F = 5.885, P = 0.017), with B. melanocephalum occupying significantly lower perches compared to the other forms, and the males of each form perching higher than females; however, this was only significant within B. melanocephalum (F = 4.769, P = 0.036) and Type B (F = 37.031, P < 0.0001).
DISCUSSION
Chameleons from the morphologically diverse clade of Bradypodion in KwaZulu-Natal Province have five distinct morphological forms, despite a lack of genetic differentiation for mitochondrial markers (Tolley et al., 2004 (Tolley et al., , 2008 . The forms differ for ecologically relevant traits associated with microhabitat structure (perch dimensions), particularly with respect to hand/foot size, limbs, and tail. It is likely that differences in morphology between the forms are a result of a balancing of selection pressures (natural and sexual) closely associated with their microhabitat, suggesting that this is at least one mechanism that triggers phenotypic divergence, despite a lack of genetic divergence.
SEXUAL SIZE AND SHAPE DIMORPHISM
Overall, females were found to be larger than males in mass and body length for all five forms, which is not unexpected given that female-biased sexual size dimorphism has been documented in other chameleon species (Hebrard & Madsen, 1984; Reaney et al., 2012) , including Bradypodion (Stuart-Fox et al., 2006; Stuart-Fox, 2009; Hopkins & Tolley, 2011) . In reptiles, sexual dimorphism is often attributed to sexual selection, resource partitioning and/or fecundity advantage (Shine, 1988; Shine, 1979; Fitch, 1981; Olsson et al., 2002) . Considering male dwarf chameleons display to females to entice mating and not vice versa (Stuart-Fox & Whiting, 2005; Tolley & Burger, 2007; Stuart-Fox & Moussalli, 2008) , sexual selection in the form of female competition for males is unlikely to explain female-biased sexual size dimorphism in this species complex. However, larger female dwarf chameleons do have more offspring than smaller ones likely as a result of their larger abdominal cavity (Burrage, 1973) , and the high energy demands of reproduction often require female lizards to consume more and/or different prey than males (Shine, 1989) , making fecundity advantage and resource partitioning, respectively, probable explanations.
Once size was removed from all comparisons between sexes, males were relatively larger for many of the characters examined, in four of the five forms. Bradypodion thamnobates exhibited the largest relative differences, possibly indicating greater malemale competition. Tail length was found to differ in all sexually dimorphic forms, with the males having longer tails than females; typical of reptiles and of other chameleon species (Fitch, 1981; Tilbury, 2010; Hopkins & Tolley, 2011) . Some possible explanations for this dimorphism include female mate choice (relative tail length may attest to a male's overall fitness), longer mating times (longer tails may allow males to better grasp their perches or females when mating, thereby enabling them to mate longer and deliver more sperm, ultimately allowing them to sire more offspring; Hofmann & Henle, 2006) , and/or males simply requiring longer tails to accommodate their hemipenes . To resolve which is the most likely explanation, a broad comparative study of the relationship between mating patterns, effective reproductive output, sexual dimorphism in tail length (and possibly width), and performance capability of the tail should be conducted.
Considering sexual selection and niche divergence are the primary explanations for sexual dimorphism in organisms (Shine, 1989) , its absence may be equally associated. As such, the sexes of Type B may experience little to no sexual selection or niche divergence. However, differences in habitat structure were detected in this form, with males perching higher and occupying more closed canopy habitats than females. If these differences are sufficiently substantial, then reduced sexual selection may be an explanation. An alternative explanation is that the number of individuals sampled is too low to allow detection of any significant differences between sexes (b = 68%), making it difficult to draw any solid conclusions regarding the lack of sexual dimorphism in this form.
ECOMORPHOLOGICAL VARIATION
Head shape explained the vast majority of variation between forms, with casque dimensions being the predominant distinction between male forms. As with many lizards, chameleons use their heads to signal to rivals, be they conspecifics or predators, indicating that conflicts can be harmful and, on occasion, fatal. Considering B. thamnobates was the most ornamented for both males and females (i.e. having proportionally larger head and casque dimensions), the need to communicate with conspecifics is likely strongest in this form, followed closely by Type C. Accordingly, the diminutive head features of B. melanocephalum and Type A, coupled with their habitats being more visually open to predators (at least avian predators), likely indicates that the need to communicate to conspecifics is outweighed by the need to avoid predation. Surprisingly, the casque of Type B males was proportionally comparable to the open canopy forms, yet these chameleons were found in forested environments, where detection from predators is assumed to be minimal and communication with conspecifics is key. As noted above, this result may be a consequence of limited sample size, or the reduced casque may indicate that they too utilize open canopy environments and thus are subject to increased predation pressure. A typical forest patch in the southern Drakensberg is surrounded by vast grasslands and, although nothing is known about their movements, an individual would need to traverse the grasslands to reach the next forest patch.
This association between open and closed habitats and the balancing of selection pressures (i.e. natural: to avoid predation; sexual: to signal and acquire mates), has also been suggested in two phenotypic forms of the Cape dwarf chameleon, B. pumilum (Hopkins & Tolley, 2011) , and lends support to the hypothesis that these chameleons are adapting to their microhabitats. Further evidence that these chameleons are adapting to their microhabitats can be gleaned from their feet and tail. These traits were also found to be variable between forms and closely associated with microhabitat structure, with the smaller-footed B. melanocephalum utilizing the narrowest perches of all forms, and the larger-footed Type B utilizing the widest perches. They are considered ecologically relevant because they provide stability and support to chameleons when navigating through their arboreal habitats (Fischer, Krause & Lilje, 2010; Herrel et al., 2011) . Stability becomes especially important during confrontations with conspecifics, for example, which often result in fierce fighting (Stuart-Fox et al., 2006; Tolley & Burger, 2007) .
Limb length is often associated with the running, and hence escape, ability of lizards, with animals that have longer limbs being able to run faster (Losos & Sinervo, 1989; Sinervo & Losos, 1991; Macrini & Irschick, 1998; Melville & Swain, 2000; Calsbeek & Irschick, 2007; Herrel et al., 2011) . However, because chameleons run relatively infrequently and are fundamentally different from other lizards in their locomotor behaviour (Bickel & Losos, 2002; Herrel et al., 2012) , selection for running speed may not be high. Selection for maximal reach, on the other hand, might be high, enabling them to bridge gaps (Herrel et al., 2011) . The grassland chameleons (B. melanocephalum and Type A) were found to occupy habitats far denser than those of the other phenotypic forms and thus would not need to reach very far to grasp hold of the next available perch. Accordingly, they would be expected to have the shortest limbs of all phenotypic forms. Correspondingly, the more closed-canopy chameleons (B. thamnobates, Types B and C) should possess proportionally longer limbs to traverse the larger gaps found in their habitats. However, the three KZN Midlands forms (B. thamnobates, Types A and C) did not follow this pattern. Instead, B. thamnobates and Type C possessed proportionally small limbs and Type A long limbs. This discrepancy may suggest that microhabitat openness (i.e. the density of perches) may not be the sole or primary factor influencing limb length in this dwarf chameleon species complex, or possibly that the habitat structure in the Midlands is far more variable. Although climatic changes during the Pleistocene brought about significant changes in vegetation throughout KZN (Eeley et al., 1999; , which likely set off the phenotypic divergence within this species complex (Tolley et al., 2004) , more recent factors may also have contributed. Within the past 2000 years, the KZN Midlands has been almost completely transformed, largely because of anthropogenic influences such as Iron Age farming and herding (Hall, 1980; Bousman, 1998; Huffman, 2007) and, more recently (approximately 200 years), urbanization, comprising factors that are considered to have overshadowed any climatic changes during this time (Neumann et al., 2010) . These factors significantly changed the structure and composition of vegetation in the area, which MORPHOLOGICAL VARIATION IN DWARF CHAMELEONS 125 in turn, may have forced the chameleons to rapidly adapt to their 'new' habitats with respect to limb morphology. Despite the short time scale, lizards have been shown to adapt to novel or changed environments in far shorter time periods (e.g. 36 years in Podarcis sicula : Herrel et al., 2008) .
Type C was the most puzzling of the five forms, possessing a blend of features from both open and closed canopy habitats, often resulting in it showing no significant differences between forms (e.g. dull coloration: open canopy forms; prominent casque, large gular lobes: closed canopy forms). This could signify that it might have been initially part of an open habitat form (such as Type A) and is in the process of adapting to a forested environment. However, considering forests are the ancestral habitat type for KZN chameleons (Tolley et al., 2008: fig. 1 , nodes 1-8), Type C has most probably not changed habitats but, instead, particular aspects of its habitat may have changed, requiring it to adapt. Given that the Karkloof forest, where these chameleons reside, has experienced approximately a 75% reduction in size from 1880 to 1940 (Lawes, Macfarlane & Eeley, 2004) , the structure (e.g. canopy openness) and composition of the vegetation that they utilize has likely changed. Alternatively, the dataset for this phenotypic form may be biased. Access to the forest was so limited for this form (as a result of a dense upper canopy with no visibility for sampling) that chameleons were only found along road verges adjacent to the forest. Considering other studies have reported sizedependent dispersal in chameleons, with smaller animals tolerating more marginal, sub-optimal habitat (Keren-Rotem, Bouskila & Geffen, 2006; Tolley et al., 2010) , it is possible that larger Type C chameleons exist in the forest, which we were unable to sample.
Morphological differences within forms were isolated to B. thamnobates. Individuals from Boston, and to a lesser extent Bulwer, were found to possess different head shapes compared to the other B. thamnobates populations, which might be attributed to these sites being at the southern extent of the distribution where the landscape has a different geomorphology and appears more fragmented. An escarpment surrounds the Boston and Bulwer region, with a river valley dividing the two towns. In the past, forests likely covered the slopes of this escarpment down to the river and probably linked up with other forests in the KZN Midlands, such as the Dargle forest to the north (site 13; Fig. 3 ). With extensive deforestation and urbanization, only a few very small forest fragments remain. This land transformation is likely acting as a barrier to dispersal, which the escarpment is intensifying. Fragmentation has been shown to bring about morphological changes in populations by altering microclimates and potentially selection regimes (Sumner, Moritz & Shine, 1999) . Physical fluxes, such as wind, radiation, and water, change across the landscape, affecting the vegetation (Saunders, Hobbs & Margules, 1991) and, in turn, prey availability. This potential change in prey might have brought about the observed differences in head shape, especially considering that head width, height, and length are the traits often correlated with bite force and prey hardness, and bite force is a common performance trait used to assess the adaptive significance of differences in head morphology (Herrel et al., 2001; Verwaijen, Van Damme & Herrel, 2002; Measey et al., 2009; Measey et al., 2011) To help determine whether this subset of chameleons is adapting to their environment (i.e. on their own evolutionary trajectory) and should be considered a cryptic form of B. thamnobates and yet another form within the B. melanocephalum-B. thamnobates complex, bite performance and prey type between populations should be compared. The extent of gene flow and population structure between these chameleons and the other B. thamnobates populations should also be determined. If no differentiation is found, the head shape of these chameleons might simply be a result of founder effects genetic drift in these small populations.
The present study has identified clear correlations between morphology and habitat in this species complex, and a variety of selection pressures have been proposed to explain how and why they arose; however, what does it all mean for the management and conservation of these chameleons? Is it suggestive of separate species or simply morphologically variable populations of the same species? These questions are valid but, before they can be answered, evidence that the differing morphological traits are indeed ecologically relevant is required to establish a fit between phenotype and environment. This is typically accomplished by testing whether traits associated with particular environments consistently enhance performance in that environment. If such a fit can be fulfilled, morphologies are said to be adaptive and ecological speciation might be taking place, in which case the observed forms should be managed as unique entities on their own evolutionary trajectory (e.g. evolutionarily significant units; Ryder, 1986; Crandall et al., 2000) .
A fine-scale genetic assessment using nuclear microsatellites is also needed to determine how these forms relate to one another by clarifying the effects that habitat fragmentation has had on gene flow, population structure, and genetic diversity. Additional research on the behaviour, physiology, reproduction, and historic distributions of each form should also help develop a more complete understanding of the underlying processes involved in shaping the observed patterns of morphological variation.
